We present the preliminary results of a multi-semester campaign using the Robert Stobie Spectrograph on the Southern African Large Telescope (SALT) to study the mass growth of Luminous Red Galaxies (LRGs) at intermediate redshifts. We use SALT spectroscopy to measure the velocity difference between the LRGs and galaxies located within 50 kpc of them, in order to determine what fraction of close pairs are physically related rather than projected pairs. SALT allows us to fill in an important region of parameter space by targeting LRGs with star-forming companions, for which there are very few spectroscopic measurements available in the public Sloan Digital Sky Survey (SDSS) data from which we draw our parent sample. We present the redshift measurements for 25 pairs of galaxies at 0.4 < z < 0.55, finding that only 3 of the pairs are likely to be physically bound. This is much lower than the fraction of bound pairs in the SDSS sample, indicating that it will be essential to take the spectroscopic sample biases into account to determine the mass assembly history of LRGs.
Introduction
Luminous Red Galaxies (LRGs) are a key population of very massive galaxies. They are typically large elliptical galaxies, and are thought to be passively evolving, with very little ongoing star formation. It is not clear when and how the mass in these galaxies assembled, whether the majority of their mass formed in a single burst at high redshift or whether they grew more slowly through multiple mergers. There has been much debate over the last decade on how much LRGs have grown since z = 1, a period of about 8 billion years [2, 5, 12] . In the standard hierarchical picture of galaxy formation, galaxies increase in mass by merging with nearby companions and accreting satellite galaxies. In most models of galaxy formation, mergers continue to be a particularly important channel of growth for LRGs down to the lowest redshifts. However, recent observational results show very little change in the distribution of galaxy masses since z = 1 (e.g. [14, 9] ), suggesting that most LRGs were in place before this time and have experienced little or no recent growth.
The most direct approach for establishing whether LRGs are growing through mergers is to constrain the fraction of LRGs that have close companions, as a function of redshift, and estimate the relative change in mass expected if these companions merge with the LRG. By using close pairs of galaxies we avoid the subjectivity of identifying merger remnants as disturbed systems based on their morphology, and as the properties of the individual galaxies can be measured, we are able to estimate the mass in the companions, and place an upper limit on the mass growth through mergers.
In this work we have identified a large sample of LRGs at intermediate redshifts (z ∼ < 0.5) and searched for nearby galaxies that are likely to merge with them. We use the publicly available Sloan Digital Sky Survey (SDSS, [15] ) with spectroscopy from the SDSS-III Baryon Oscillation Spectroscopic Survey (BOSS, [7] ) for the initial selection of LRGs. To confirm that pairs of galaxies are physically related, rather than projected pairs, one would ideally use spectroscopic redshifts to measure the difference in the velocities of the two galaxies in order to establish whether the pair is bound. While our LRGs are selected from a spectroscopic catalogue, their companions often do not have redshift measurements, making it difficult to assess the merger fraction. The BOSS spectrograph fibres cannot be placed very close together, restricting the likelihood that nearby companions will be targeted in the same observation. Strict targeting criteria prioritize galaxies that are likely to be massive and quiescent (ie. LRGs) based on their colours, creating a bias against bluer starforming companions. At intermediate redshifts we expect a significant fraction of galaxies to be star-forming, even in the relatively dense group environments in which LRGs are typically located. The contribution from these companions cannot be ignored. We therefore need to establish what fraction of companion galaxies are bound to the LRGs for an unbiased, mass-complete sample of companions to determine the true merger fraction. We have used SALT spectroscopy to follow up blue LRG companions that do not have spectroscopic measurements from SDSS, in order to fill in parameter space and create a representative sample from which to estimate the merger mass growth of LRGs.
In this conference proceedings we present the preliminary results of our spectroscopic programme using the Robert Stobie Spectrograph (RSS; [4] ) on the Southern African Large Telescope (SALT; [3] ). We present the spectra and measured redshifts for the sample in Section 2. In Section 3 we use the SALT data and the available spectroscopy from the SDSS to estimate the fraction of
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We assume a cosmology with Ω m = 0.3, Ω Λ = 0.7, and H 0 = 70 km s −1 Mpc −1 throughout. Magnitudes are on the AB system [10] .
Observations and data analysis
We selected a large parent sample of LRGs from the 10 th Data Release of the SDSS [1] by querying the public SDSS database. 1 LRGs are identified using strict magnitude and colour cuts to be targeted for spectroscopic follow up by BOSS [8] . Our full LRG sample covers a wide redshift range, from 0.2 < z < 0.7, which will allow us to explore the evolution of the merger fraction and mass growth of LRGs over the second half of cosmic history. In this work we concentrate on the redshift range 0.4 < z < 0.55 where we have used SALT to improve the spectroscopic coverage of galaxies near LRGs that are potential merger candidates. The spectroscopic completeness for galaxies close to LRGs drops dramatically at these redshifts, mainly due to the magnitude cuts of the SDSS and other follow-up spectroscopic surveys like Galaxy and Mass Assembly (GAMA, [13] ). Even relatively small samples of galaxies with SALT redshift measurements will have a big impact, improving our ability to correct for the spectroscopic incompleteness of the full sample.
We selected LRGs identified as primary objects in the spectroscopic catalogues with a reliable redshift measurement (ZWARNING flag = 0). Companion galaxies that may merge with the LRG in future were selected by querying the photometric catalogue database for neighbouring galaxies within 50 kpc and within 1.5 magnitudes of each LRG in the r-band (a flux ratio of up to 1:4, corresponding to potential major mergers). We use the SDSS cModelMag as an estimate for the total magnitude of each galaxy throughout.
Observations of 27 pairs of galaxies were taken over the course of the 2014-1 and 2014-2 semesters as part of the a multi-semester programme 2014-1-MLT-002 (PI Skelton). Targets selected for follow-up spectroscopic observations with SALT are equatorial objects chosen from the parent SDSS sample to be visible to SALT. Fairly bright targets where the two galaxies had similar magnitudes were prioritized. We were able to successfully measure redshifts for both galaxies in the pair for 25 of the 27 observed pairs. The spectra and redshifts for 22 of these pairs are shown in Fig. 1 . In addition to the magnitude and distance cuts described above, we particularly targeted companion galaxies with blue colours, in order to better sample the star-forming region of colour-magnitude space (see Fig. 2 ).
In each RSS observation we aligned the position angle of a long slit centred on the LRG such that the slit also covered the companion galaxy. This enables us to measure the relative velocity of the pair straightforwardly in a single observation. We used the PG0900 grating with a slit width of 2 arcseconds. Each observation consisted of two exposures of 1200 s each, with standard flats and arc calibrations taken after the science observation. We reduced the data following standard methods to bias subtract, correct for the gain and crosstalk, flat field and remove cosmic rays using a pipeline based on the PySALT spectroscopic data reduction tasks [6] . We used an automated routine to wavelength calibrate the reduced spectra (based on software written for the SAAO 1.9 m Cassegrain spectrograph by D. Gilbank).
PoS(SSC2015)014
Constraining the merger history of Luminous Red Galaxies with SDSS and SALT Rosalind E. Skelton Redshifts were measured by cross-correlating each spectrum with a star-forming and elliptical galaxy template spectrum using the IRAF EMSAO/XCSAO tasks. In most cases we coadded the one dimensional spectra from the two exposures to improve the S/N before fitting redshifts, though in some cases the S/N was high enough from a single exposure. Where we could measure redshifts from each individual exposure, the duplicate measurements provide a useful check of the quality of the redshift measurement. We also compared the LRG redshift measurements from SALT with those from BOSS, finding excellent agreement.
Results
The resulting redshifts for each LRG and companion are given in Table 1 . In Fig. 1 we show the SALT spectra for 22 pairs of galaxies shifted to the rest-frame using the measured redshifts, as given in the top left hand corner of each panel. The LRG's spectrum is shown in black and the companion galaxy in blue. Figure 2 shows the location of galaxies in our SALT sample in colour-magnitude space compared to the full parent sample of LRG pairs. The numbers of objects as a function of g − r colour are shown by the histograms in the right hand panels. Grey symbols indicate LRGs (upper panels) and companion galaxies within 50 kpc (lower panels) where there is no spectroscopic information
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Constraining the merger history of Luminous Red Galaxies with SDSS and SALT Rosalind E. Skelton Figure 2 : The distribution of LRGs (upper panels) and their companions (lower panels) in colour-magnitude space. The right hand panels show the number of objects with spectroscopic distance measurements as a function of colour. LRGs are red sequence galaxies by definition, however their companions have much wider range of colours. The full photometric sample is shown in grey. As targeting for SDSS spectroscopy (green and yellow symbols and histograms) is biased against blue galaxies, very few blue companions have SDSS redshift measurements. SALT observations (blue and purple points) fill in this gap. Yellow stars indicate pairs with SDSS spectroscopy that satisfy the criteria for being bound physical pairs. Purple stars indicate pairs of galaxies with SALT spectroscopy found to be at the same redshift and likely to be physically bound. The fraction of bound pairs is much lower in the blue companion sample (12% vs. 53%).
Constraining the merger history of Luminous Red Galaxies with SDSS and SALT Rosalind E. Skelton for the companion galaxy. As there are many more objects without spectroscopy than with spectroscopy (7255 vs. 330), histograms of the full photometric sample are not shown. Colour can be used as a proxy for star formation rate. Most LRGs lie on the red sequence and are quiescent, with low levels of star formation. The companion distribution spans a much wider range in colour (more of them are star-forming). The SDSS spectroscopic sample (green and yellow points and histograms) is biased against blue galaxies, therefore the majority of galaxies with spectra lie on the red sequence, and companions in the blue cloud are unlikely to have redshift measurements. Without spectroscopy it is not possible to distinguish physically bound pairs from projected pairs. The large symbols are galaxies which do have spectroscopic redshifts -green and yellow symbols are galaxies with SDSS spectroscopy, blue and purple symbols are the SALT sample. Using typical criteria in the literature on close pairs, if the velocity difference of the two galaxies in a pair is ∆v < 500 km s −1 and the projected distance r p < 50 kpc, we classify the pair as likely to be physically bound (e.g. [11] ). The circles show unbound pairs that do not satisfy the velocity cut, and the stars show pairs that do satisfy this cut and are therefore likely to be physical pairs. From our preliminary redshift measurements, we find that in the SALT sample of 25 pairs, only 3 are bound. This is 12 +10 −4 % of the SALT sample. In comparison, for the sample of 305 pairs with SDSS spectroscopy, more than half are bound (161 pairs, or 53 ± 3%).
Summary and future work
We have used SALT RSS spectroscopy to improve the spectroscopic coverage of a sample of LRGs and their companion galaxies in close pairs at 0.4 < z < 0.55. The publicly available spectroscopic data from SDSS is highly biased towards red galaxies. By including new data from SALT, we obtain a much more representative spectroscopic sample, improving coverage in the bright, blue region of colour-magnitude space. Using the SDSS spectroscopic data alone, approximately half of the LRGs in pairs appear to be physically bound to their companion galaxies (53 ± 3%). We find that in the SALT sample of 25 pairs, only 3 are bound (12 +10 −4 %). The bound fraction for these blue, star-forming companions is much lower than for the biased SDSS spectroscopic sample, indicating that projection effects are likely to play a much more important role than previously expected. We will combine the SALT measurements with other available redshifts to carefully estimate the bound fraction, taking into account the inherent biases in the spectroscopic samples, in order to measure the merger fraction of LRGs and resultant growth from mergers over the last 5 Gyr of cosmic history. SALT has enabled us to fill in an important yet under represented part of parameter space, with a relatively modest investment of time. We are now extending this work to explore the impact of the density of galaxies on the assembly history of massive red galaxies, using SALT RSS multi-object spectroscopy to obtain redshifts for multiple galaxies in the surroundings of LRGs in different environments.
